So far, the dietary requirements of the ten amino acids arginine, histidine, isoleucine, leucine, ly sine, methionine, phenylalanine, threonine, tryptophan and valine have been proved in fish and the quantitative requirements have been determined in several fishes. However, each essential amino acid re quirement determined by different laboratories does not correspond with each other, not only among species but also even within species, because of the differences of experimental conditions. Therefore, some researchers have applied a new method based on the idea that there shoud be a correlation be tween whole body amino acid pattern and the dietary amino acid requirement: i.e., only one amino acid requirement is determined by growth data and the other nine are estimated as being propotional to the whole body amino acid pattern. There would be little difference in the patterns of requirement by this new method among species, because body amino acid patterns are almost identical among species. On the other hand, when the A/E ratios of amino acid requirements based on growth assay are compared, close similarities were noted between carp and catla in the family Cyprinidae, and among chinook salmon, chum salmon and coho salmon in the family Salmonidae, suggesting the existence of specificity in requirements among fish species or family.
From the viewpoint of practical fish culture, protein is the most important constituent in fish feed as the material for structural elements of animals. In other words, fish cul ture is the industry of converting cheap protein to expen sive protein. The subject of dietary protein must be as sessed in terms of both of quality and quantity. Fish body protein is composed of approximately 20 kinds of amino acids. The amino acids, which are not synthesized entirely or sufficiently for fish needs, must be supplied through feeds into fish. These are called the essential amino acids.
Since studies on qualitative and quantitative amino acid requirements in fish commenced in the United States in the 1950's, many data for various fishes have been accumulat ed using different methods. The quantitative requirement was determined only based on growth responses to dietary graded level of a certain amino acid especially in the early studies. Recently, however, some researchers have applied a new method based on the idea that there should be a cor relation between whole body amino acid pattern and ami no acid requirement. Considering that body amino acid patterns are almost identical among fish species, there would be little difference in the patterns of requirement es timated by this new method.
One of the important factors in determining the efficien cy of protein utilization for fish is the pattern of essential amino acids in diet. It is very important to clarify whether the patterns of amino acid requirement are identical or specificity exists among species. Therefore, the present study focused on the presence of specificity in require ments using already published data.
Qualitative and Quantitative Amino Acid Requirements in Fish
The dietary requirements of the 10 amino acids arginine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan and valine have been estimated for fishes such as salmonids,1-4) European eel Anguilla anguilla and Japanese eel Anguilla japonica,51 common carp Cyprinus carpio,6) red sea bream Pagrus major7) and tilapia Tilapia zillii,8) based on the growth response. In addition, tracer experiments using 14C have shown that plaice Pleuronectes platessa, sole Solea solea,9} and sea bass Dicentrarchus labrax (Metailler et al. 1973 , cit ed in Wilson 1989)10) require the same 10 amino acids. It is considered at present that these 10 amino acids are essen tial for all fish species.
The complete quantitative requirements for the 10 essen tial amino acids have already been determined for chinook salmon Oncorhynchus tshawytscha, [11] [12] [13] [14] [15] [16] white sturgeon Acipenser transmontanus.27) These studies have been conducted by the same research groups for each fish species, under almost identical experimental condi tions for the determinations of all 10 essential amino acids. These requirements, however, seem not to cor respond to each other among species as shown in Table 1 .
Besides, overlapping studies on amino acid require ments have often been conducted for the same species on some specified amino acids by different researchers or laboratories.
Focusing on sulfur-containing amino acid and lysine, of which quantitative deficiency could easily oc cur in fish feed containing plant protein materials, we can find large differences among the values estimated in many experiments (Tables 2 and 3 ). For example, soybean meal, one of the most utilizable alternative protein sources for fish meal, is deficient in sulfur-containing amino acids such as methionine. The sulfur-containing amino acid re quirements obtained from rearing experiments vary wide ly. For example, the requirement in dietary protein ranges from 2.2% in rainbow trout to 4.0% in chinook salmon, gilthead bream Sparus aurata, and sea bass, the average of which is 3.1 % (n = 20) except for an extremely low level in Mossambique tilapia Oreochromis mossambicus.33) Even only in rainbow trout, it varies between 2.2 and 3.0%. Also in lysine requirements, there are considerable differ ences reported among and within species. i.e., different basal diets, feeding levels and environmental conditions, different ages, sizes and genetic strains of fish used. Arai and Ogatal7) indicated that the requirement changes by the design of test diet such as the range of ami no acid contents: i.e., the slope of regression line between growth and dietary amino acid level becomes steep when fed the test diets with 0% and very low levels of amino aaid. Consequently the intersection shifts to a lower level and a lower requirement value is determined. According to Cowey,19) even if all these factors are considered, it remains highly questionable as to whether they provide a satisfactory explanation of the discrepancies observed in published amino acid requirements. Moreover, he has pointed out that a factor of particular importance in ami no acid requirement studies is energy density in diet, and at higher or lower energy densities the requirements as per cent in diet will need to be adjusted upward or downward, respectively. These suggestions described above may explain the difference occurring among amino acid requirements reported for the same species. However, they do not entire ly answer the question of whether a difference of require ments among species exists or not.
Methods for Determining Requirements
In the traditional method based on growth assays, fish must be fed graded levels of specified amino acid in a test diet containing either only crystalline amino acids or a mix ture of casein, gelatin, crystalline amino acids and other nitrogen sources. The rearing experiments are repeated at least 10 times to complete a series of studies in the one spe cies, and the requirement values are estimated based on the conventional growth response curve. This involves a great deal of work and is costly. Another method which has been used for estimating the amino acid requirement is based on amino acid oxidation in fish body. This technique is based on the hypothesis that when fed an amino acid-deficient diet, most of the portion will be utilized for protein synthesis and little will be oxi dized to carbon dioxide, whereas when fed an excess amo nut of an amino acid, the plasma level will increase and a larger amount will be available for oxidation. This method was successfully conducted for the determination of lysine requirement for rainbow trout,40) but is rarely used today. The daily increase of essential amino acid content in the whole body protein also has been used for the estimation of amino acid requirements by Ogino18) and Watanabe et al.*3 Ng and Hung27) noted that the Ogino method stresses only the daily deposition of each essential amino acid in fish whole body and ignores the nitrogen loss. They tried to estimate the dietary essential amino acid pattern from both the data of body incremented amino acids in fed fish and lost amino acids in starved fish of white sturgeon Acipenser transmontanus, but finally concluded that the es sential amino acid pattern estimated for nitrogen losses did not significantly affect the overall total essential amino acid requirement pattern in the rapid growing stage.
In the amino acid nutrition of swine, the concept of an ideal protein balance is proposed, which is based on the idea that there should be a correlation between the whole body amino acid pattern and the dietary amino acid re quirement in animals.48) Based on this theory, Wilson and Poe21) and Wilson49) introduced a new method for estimat ing the amino acid requirement in fish nutrition: i.e., only the lysine requirement is determined from growth assay with feeding experiments and the other 9 essential amino acid requirements are estimated as being proportional to the whole body amino acid composition pattern including lysine which is normally the first limiting amino acid in most feedstuffs. This method was recently applied to red drum26) and juvenile Japanese flounder.*4
Comparison of Amino Acid Requirements
Based on Growth Assay
The essential amino acid requirements for fish species have been determined using various methods described above. It does not make sense to directly compare all of the requirement data without rearranging or grouping them into some specified standard based on the methods applied. For chum salmon, chinook salmon, coho salmon, channel catfish, common carp, catla, Nile tilapia, milkfish and Japanese eel listed in Table 1 , all 10 essential amino acid requirements have been determined based on growth data obtained by the same laboratory or research group. These studies used almost identical conditions of basal diet, test fish, water quality and temperature, and rearing techniques at least in a series of experiments. Thus, they are the most appropriate data for comparing the difference of requirements among fish species.
The sum of essential amino acids in dietary crude pro tein varies widely from 24% for coho salmon to 39% for catla and Japanese eel, and the average value among 9 spe cies is approximately 34%. These values are much lower than those of feedstuffs commonly used in fish feeds, which have around 50% in fish meal, soybean meal and corn gluten meal. Wang and Fuller50) have reported that the optimum essential/non-essential amino acid ratio (E/ NE ratio) is 50:50 or 57:43, even for growing pigs. The authors (unpublished data) compared the growth responses of the chum salmon fry fed the diets (40% crude protein) having (1) A/E ratios and E/NE ratio (51:49) from amino acids composition corresponding to chum salmon body protein, (2) A/E ratios and E/NE ratio (32:68) from essential amino acid requirement levels deter mined by growth assay of chum salmon,20) and (3) A/ E ra tios of essential amino acid requirements but E/NE ratio of 51:49 corresponding to the body protein. The growth in the diet (3) was 1.1 fold of diet (1) and 1.4 fold of diet (2). This finding suggests that even though the quantitative re quirement values for these 10 essential amino acids esti mated from growth assay may be a little lower than the ac tual quantitative requirement, the reciprocal ratios among essential amino acids may be useful for evaluating dietary protein. garded as an absolute value of quantitative requirement but indicates the relative balance among the 10 essential amino acids. Accordingly, the A/E ratios of 10 amino acid requirements were calculated for the 9 fish species, to allow a standardized comparison (Table 4) . Cyprinidae, Nile tilapia and Japanese eel showed rather lower values in arginine requirement. Isoleucine and leucine are highly re quired by Japanese eel and milkfish. Threonine require ments of salmonidae and channel catfish are low, and tryp tophan requirements of Nile tilapia and Japanese eel are high when compared with those of the other fishes. These findings suggest a certain degree of consistency of require ment within family or dissimilarity among families in terms of relative balance. On the other hand, the A/E ra tios of essential amino acids composition in the whole body tissue of fish species (Table 5) do not seem to display the remarkable variability that the A/E ratios of require ments do (Table 4 ). This point is quantitatively examined below.
Comparison of Requirements among
For each pair of fish among 9 species for which 10 A/E ratios of essential amino acid requirements are known, the dissimilarity or distance index was calculated as follows, Table 4 . A/E ratios of dietary amino acid requirements for 9 fish species, based on growth assay* * Calculated from the data in Table  1 . Table 5 . A/E ratios of the essential amino acid composition in the whole body tissue of 12 fish species *5 Authors analyzed these two species for this study , because we could not find the data on already published papers. where "a" and "b" represented the two fish species being compared, and Rai indicates the A/E ratio of the require ment of the i-th essential amino acid for the fish species "a"
The D1 defined in Equation (1) Table 6 . Dissimilarity matrices of the A/E ratio profiles of dietary essential amino acid requirements (Above the diagonal, D, indices; below the diagonal, D2 indices) Table 7 . Dissimilarity matrices of the A/E ratio profiles of the whole body amino acid composition (Above the diagonal, D, indices; helnw the diagonal. D2 indices) Fig. 1 . The dissimilarity diagrams of the A/E ratio profiles among fish: (a), for dietary essential amino acid requirements; (b), for body ami no acid compositions. The two diagrams were drawn by using the Fitch-Margoriash methods59) based on the dissimilarity indices (D1) listed in Table 6 and  Table 7 respectively. For each pair of fish species, the sum of the length of the branches that must be traversed in tracing a path from one fish to another corresponds to the best-fit estimate of the dissimi larity index between the two, obtained by the Fitch-Malgorithm. The same scale was used for drawing diagrams (a) and (b).
than body amino acid compositions. Some researchers may argue that this difference in diagram size between (a) and (b) reflects the larger experimental error in determin ing the dietary requirements than in determining the body amino acid compositions. It should be noted, however, that the species are not randomly distributed in Fig. 1(a) . Although the distances along the path connecting species do not seem to perfectly correspond to the genetic dis tances inferred from the phyletic relations suggested by Greenwood et al.61) there are clusters of species corre sponding to phyletic classifications. Carp is adjacent to cat la, both of which belong to the same family, Cyprinidae. Furthermore, chum salmon, chinook salmon and coho salmon in the family Salmonidae are located close to each other. This cluster of salmonids reflects the higher similar ity of A/E ratios of requirements (Table 4) , in spite of the differences in experimental factors such as the main nitro gen sources and the amino acid composition of basal diets, and rearing temperatures. Whereas, in diagram (b) from the A/E ratios of whole body tissue composition, the fish species are randomly located irrespective of classification into families or phyletic categories and the distance among fishes is much shorter. This indicates that the essential ami no acid compositions of whole body have smaller varia tions than the dietary requirements among fish species, as already reported by Wilson and Cowey.62) Exactly the same topologies were obtained in the dissimilarity dia grams drawn using the neighbor-joining method instead of the Fitch-Margoriash method.
Conclusion
Amino acids are materials for not only structural ele ments of fish body but also many bio-active nitrogenous compounds such as polyamines, catecholamines, seroto nin, melatonine, histamine, thyroid hormones and so on. Cowey1tt, however, stressed that the flow of amino acids via these pathways is small compared with that involved in amino acid oxidation or protein synthesis, and further more pool sizes and turnover rates of these compounds do not seem to differ among fish species. On the other hand, the data of white sturgeon presented by Ng and Hung27) seem to reveal that a significant amount of some essential amino acids may be needed for other metabolic purposes than for protein accretion. They also reported that by ex pressing the net retention or loss of each amino acid in terms of per cent dietary protein, the pattern of essential amino acid required for protein accretion and the pattern found in nitrogen losses from tissue protein breakdown was found to be different, especially at the ratios of lysine, tryptophan and sulfur-containing amino acids. Only 30 -40% of dietary nitrogen is deposited into the body of a growing fish,63) and it is usually estimated in marine fish cul ture of Japan that the rate of body deposition of nitrogen in ingested compound feed is only 25%. If further studies using older fish that have a slower growth speed and show a lower dietary protein deposition into the body are con ducted, the species or family specificity of amino acid re quirements in fish may be more clearly proved.
The amino acid composition profile for the whole body of fish, especially where dietary requirement data are not available, can be a useful tool in feed management and it is certainly expected to be less time-consuming and less ex pensive than the traditional method with repeated feeding experiments. The requirements based on the concept of ideal protein, however, would be similar among all fish spe cies, because there are little differences in the body amino acid composition among species. Our findings deduced from growth data, however, indicate that a specificity of amino acid requirements among species or families may ex ist in the balance (A/E ratio) of dietary amino acids. Though the traditional method for determining essential amino acid requirements is still needed, further accurate studies are also needed to ascertain the specificity of re quirements among species. 
